globin) concentrations should be expressed in terms of numbers of molecular units ('amount of substance') per unit volume (normally the litre) as this corresponds to the actual biological activity, whereas the former means of expression, mass per volume, does not. The advantages of expressing concentration measurements in this way have been reviewed by several authors (Astrup, 1970; IUPAC-IFCC, 1972a; Owen, Edwards, and Collier, 1970; Young, 1974) .
These recommendations are made to codify the changes necessary for those working in hospital laboratories. and to enable users to take the necessary educational and practical steps necessary for full implementation.
REASONS FOR USING SI The units currently used for expressing the results of measurements made in medicine have developed empirically and are now so diverse that there is a danger that results may be misunderstood by those not familiar with the particular seale of units used. This danger can be averted only by the universal adoption of a common system of units in all branches of science and medicine. The system recommended is the International System of Units (SI). It is based on the metric system and is designed to: (a) provide a coherent system of units-that is, a system in which the product or quotient of any two unit quantities is the unit of the resultant quantity-without introducing any numerical factor; for example, unit area = unit length x unit length, unit velocity = unit length/ unit time; (b) ensure that the presentation of quantities and units is uniform in concept and style; (c) minimise the number of multiples and submultiples in common use.
SI units are being used throughout pure science and are taught in schools and universities. They are being applied in medical and scientific journals (Royal Society of Medicine, 1972) and are being adopted in many countries for reporting laboratory results and other data in medicine. The recommendations given in this paper, which relate to their use in hospitals in Britain, are in conformity with all the international recommendations on this subject.
OUTLINE OF SI SI units are based on the seven base units shown in mended. The most widely used prefixes are kilo, milli, and micro. Typewriters should be fitted with the symbol 'p.' (micro) to avoid ambiguity in the use of small 'u'. The symbol for a prefix acts as convenient shorthand: 0.000 001 g = 10-6 g = I p.g.
2.
The combination of prefix and symbol is regarded as one new symbol.
p.1-l means (10-6 1) -1 not 10-61-1 rnm" means (10-3 m)3 or 10-9 m 3 not 10-3 m 3 3. Compound prefixes are to be avoided and only one prefix should be used in forming decimal multiples or submultiples-for example, 10-9 g is I ng not 1 mug, A consequence of this rule is that in derived units the prefix should be attached to one unit only, preferably in the numerator; the kilogram is an exception, as kg is the fundamental unit.
4. Great care should be taken to avoid ambiguity, especially when using a prefix symbol which is identical with the symbol for a unit-for example, Newton metre is N'rn not mN which means 1O-3N.
No space should be left between the symbol for a prefix and its unit, whereas a space should be left between symbols in derived units-for example, 'ms' indicates millisecond but 'm s' indicates metres x second. For clarity a point above the line should be used-for example, m-s; N·m. Whenever ambiguity could arise it is better not to abbreviate-for example, the symbol for year is 'a'-but in Britain the word is better written in full. If any confusion could arise between the symbol for litre (I) and the figure 1, the word litre should be written in full.
5. The symbol for a unit is unaltered in the plural and should not be followed by a full stop except at the end of the sentence-for example, 5 em, not 5 em. or 5 ems.
6. The solidus (/) or word 'per' should only be used once in each unit. Where necessary the negative index may be used-for example, rnl/rnin or ml rnin" not ml/min/m 2 which could mean (ml/min)/m 2 or ml/(min/m 2 ) and should be written as ml·min-l.m-2 .
7. The decimal sign between digits is indicated by a full stop in typing. No commas are used to divide large numbers into groups of three, but a half-space (whole space in typing) is left after every third digit. If the numerical value of the number is less than unity, a zero should precede the decimal sign: thus 0.123456 not .123,456.
8. When expressing a quantity by a numerical value and a unit, it is in most applications advisable to use a multiple or submultiple which gives a simple whole number between 1 and 999-for example, 10-0 g is best recorded as 10 p.g and not 0.01 mg. This ruling cannot be consistently applied when in the same context numerical values expressed in the same unit extend over a considerable range.
9. Some decimal fractions and multiples of SI units have special names-for example, Angstrom, micron, dyne, erg. These names are not part of the SI system and although they may continue to be used for some time, they should be progressively abandoned as being unnecessary.
Although SI units are preferred, it will not be practical to limit usage to these. Any other unit and symbol may be used provided that it is defined. It is, however, important that symbols should not be ambiguous or be difficult to print. Symbols for SI units were chosen to be simple, systematic, easy to remember, and to use the minimum number of letters, and appropriate combinations should cover most eventualities. Arbitrary units may be invented for a particular purpose but must be defined and great care taken in the choice of symbols-for example, 'mouse units' are best written as such instead of 'mu' which could mean milliunits.
ApPLICATION TO LABORATORY REPORTS
In principle a report of a measurement should always include information on (I) the system, (2) the component, (3) the kind of quantity, (4) the numerical value, and (5) the unit. Thus, as an example, plasma cholesterol can be reported as:
{~~~~a~~:
(4) (5) To report this result as 'cholesterol = 1.4' is ambiguous and could lead to misinterpretation. Particular care should be taken to ensure that the name of the component is unambiguous (IUPAC-IFCC, 1972b ). Thus 'plasma bilirubin' could refer to unconjugated (indirect-reacting) bilirubin, whereas it is usually intended to mean total bilirubins-that is, conjugated plus unconjugated, For acids and bases it is recommended that the designation of the maximally ionized form is used in naming the component. Thus for measurements in, say, plasma, the terms lactate, urate, pyruvate, and oxalate are preferred to lactic acid, uric acid, pyruvic acid, and oxalic acid. The term plasma ammonium includes both the ammonium ions and free ammonia present; ascorbate includes both ascorbate ion and free ascorbic acid. Examples of the recommended nomenclature are given in the Appendix.
Concentration
The Sl system includes two different types of unit of concentration: mass concentration (g/l, rng/I, p.g/I, etc.) and amount of substance ('molar') concentration (mol/I, rnmol/l, /Lmol/I, etc.). A choice must be made between the two when reporting all measurements of concentration.
For substances of defined chemical composition it is recommended that amount of substance concentration should be used. It may be applied to any defined particle, such as an ion, atom, molecule, or radical, but the nature of the particle must be self evident in the report. Equivalent concentration (m-equiv/l) is commonly used for reporting the results of monovalent electrolyte measurements (sodium, potassium, chloride, and bicarbonate). It is, however, not part of the SI system and should be replaced by molar concentration (in these examples mmol/l), For these four measurements and other monovalent ions the numerical value will not change.
Mass concentration is recommended for all protein measurements and for substances which do not have a sufficiently well defined composition. Mass concentration is also recommended for expressing the results of plasma vitamin B12 and folate measurements, as the molecular weight of the biologically active compound is uncertain. However the SI unit of mass concentration is expressed in terms of the litre-for example, g/I, mg/I, etc, whereas at present many measurements of mass concentration use 100 ml as the unit of volume (g/l00 ml, mg/IOO ml, etc.). For these the numerical value will therefore change by a factor of 10.
An exception is made in the case of haemoglobin tICSH-IFCC-WAPS, 1972). Because of the uncertainty concerning the exact elementary entity of haemoglobin which should be used for calculation of molar concentration, it is now agreed internationally that for the time being haemoglobin concentration in blood should be expressed as mass concentration, either g/I or g/dl (where dl is the SI symbol for 100 ml). Both these forms of expression are acceptable within the SI system. However, most laboratories in Britain currently report their haemoglobin results as g/dl (g/l00 ml) and there does not appear to be any advantage in their changing to g/I when a further change to molar concentration might be recommended in the future.
Currently measurements of human serum immunoglobulins are frequently expressed as mass concentration (usually mg/l00 mI). Since a pure reference material is not available, Anderson et al. (1972) have recommended that serum concentrations of IgG, IgA, and IgM should be expressed in terms of International Units, based on international reference preparations.
Pressure
The SI unit of pressure is the pascal (symbol Pa) which will eventually replace the very wide range of 197 units of pressure which are at present used by different specialities. However, in this paper, the only recommendation made is that blood gas measurements should be given in the SI unit (kPa) instead of mmHg: 1 mmHg = 133.32 Pa, 1 kPa = 7.5006 mmHg.
Time
The SI unit for time is the second. In general, prefixes for SI multiples should not be used but time should continue to be expressed in seconds (s), minutes (min), hours (h); submultiple prefixes should be used only with the second-that is, as ms, us, ns-and not with minute or hour. Instead the quantity should be converted into the lower unitthat is-s or min, respectively. The unit chosen for expressing consecutive data in a series should, if possible, avoid the use of fractions, provided that the numerical value does not exceed 999 (except for years). Thus, for example: 21.5 min not 1290 s; 50 ms not 0.05 s; 84 s rather than 1.4 min or 1 min 24 s; but either 16 min or 960 s, depending on whether the consecutive data for the series are expressed in minutes or seconds.
The SI symbol for 'day'-that is-24 hours is 'd', but urine and faecal excretions of substances should preferably be expressed as 'per 24 hours'-for example, g/24 h. Expression as 'per day'-for example, g/d-could be interpreted as meaning 'between the hours of sunrise and sunset'.
Medical physics
It is recommended that SI units be adopted throughout medical physics, with the temporary exception of the units of radiation dose and radioactivity. The existing special units in these fields (rad, rontgen, rem, curie) are not coherent but have been approved by the General Conference of Weights and Measures for continued use 'for the time being'. Changes in the radiation units are normally recommended by the International Commission on Radiation Units and Measurements and are implemented internationally. This matter is currently under discussion.
Implementation
SI units have already been introduced into some hospitals and laboratories and it will not be praticcal to advocate that all laboratories in all hospitals should change on the same date. The Appendix to this paper lists the units which are recommended for measurements which are frequently made in hospital haematology and biochemistry laboratories. The list is not exhaustive but the examples and general principles outlined here should enable an appropriate unit for less common analyses to be chosen where necessary. No recommendations are made for the units to be used for measurements for enzyme activity. Whenever a new test is introduced into a hospital, every effort should be made to ensure that the appropriate SI unit is used from the start. In some cases, the selection of the best sub-multiple (for example, p.mol/I or nrnol/I) can be difficult and alternatives may be equally valid under SI rules. Nevertheless, it is hoped that the subunits listed in the Appendix will be accepted by laboratories in Britain so that there will be conformity throughout the country. The Appendix also lists the ranges of numerical values which will be encountered in practice in both the new and old units, together with conversion factors. However, the conversion factors will depend on the methods and conventions used at present, and since these may vary, they should be carefully checked locally and, where necessary, amended for use within the hospital.
It should be noted that for some tests the numerical value in the new units is the same as that in the current units, but the symbols change-for example, Blood Platelets = 150000/mm 3 = 150 x J09/1.
It is hoped that the majority of hospital laboratories will have completed the changes, outlined in this paper, by early 1975. The full implications of the change should be carefully worked out locally; stationery for example may need reprinting, new normal ranges publicised, or tables of conversion factors prepared. Individual laboratories may also consider whether results should, for a time, be reported in both new and old units. However, the experience of those who have changed suggests that the transition period within a hospital should be as short as possible. Table 4 shows the recommended units for a range of common biochemical and haernatological tests, together with the factors for converting values in the present commonly used units to those in the new units. Molecular and atomic weights of components are also listed to facilitate checking of conversion factors. Approximate normal ranges or typical normal values, together with those likely to be encountered in hospital patients, are quoted to illustrate the magnitude of values, in both new and current units, but it must be remembered that there may be local variations in the exact normal range. For some measurements, the normal range varies with race, age and sex and many show diurnal variations.
Appendix
For each test, the system is indicated by a symbol: B = Blood, CSF = Cerebrospinal fluid, F = Faeces, P = Plasma, S = Serum, U = Urine. (1-100) P Potassium (0.1-20) S Protein bound 126.9 4.0-7.5 p.g/l00 ml 300--600 nmol/l 78.8 iodine (1-20) (80--1600) fnormal ranges for these substances are not given, as these depend on sex. §no unit is necessary but III is implied. or p.p.g/ml tnormal ranges for these substances are not given, as these depend on sex.
